Abstract. The accuracy of a method for long-term monitoring of the desert aerosol optical thickness over the oceans using Meteosat low-resolution images, presented in a companion paper, is ossessed. We present Sun photometer measurements of aerosol optical thickness and Angström w.:*,elength exponent obtained in 1986-1994 at different sites and seasons in the tropical Atlantic and northwestern Mediterranean. Results suggest that in the absence of dust outbreak the optical effects of the marine aerosol are dominated by continental anthropogenic sulphates in the Mediterranean Sea and by continental desert dust in the tropical Atlantic. We rely on this data set to constrain the desert aerosol model used in the Meteosat data inversion. We obtain the best agreement between Meteosat-and Sun-photometer-derived aerosol optical thickness with a size distribution typical of background desert aerosol and a refractive index of 1.50 -i 0.010. The main theoretical uncertainties on the desert aerosol optical thickness estimated from Meteosat are due to the sensor calibration and to the radiometric sensitivity. Comparison of Meteosat-derived esf*2ates of the desert aerosol optical thickness with independent Sun photometer measurements ext hits a maximum dispersion of 25%.
. Introduction
In part 1 of this paper [Moulin et al., this issue] we describe a method to monitor African dust optical thickness and mass column density from multiannual time series of Meteosat images, usin!; the radiative transfer model of Tanré et al. [I9901 and apF: .. priate aerosol models. We use one daily degraded image (ISCCP-B2 format) from the Meteosat VIS solar wide band (0.35-1.1 pm), to limit the computer time. and memory requirements. Sun photometer measurements of atmospheric acrosol optical thickness are particularly appropiiate tó test and validate the satellite determinations [Jankowiak and Tanré, 1992; lgnatov et al., 19951. Indeed, such present Sun photometer measurements and discuss the relevant results (aerosol optical thickness at 0.55 pm and Angström exponent in the visible) derived from these measurements. We then use a first subset of data corresponding to desert dust occurrences to constrain the dust aerosol model used for the Meteosat data inversion and a second independent set of data to validate the inversion. Finally, we estimate the uncertainty of our determination of the local dust öptical thickness, and we illustrate the validity and limits of using interpolation to estimate the dust optical thickness in cloudy areas.
Sun Photometer Data

Measurements and Instrumentation
We report here solar spectral transmission measurements that we performed during several campaigns in the Mediterranean and northeastern Atlantic, and we also use the measurements from coastal Senegal reported by Jankowiak and Tanré [ 19921. Table 1 gives an overview of the stations, measurement periods, and data. All measurements have been done with a portable radiometer developed in 1985 at the Laboratoire de Météorologie Dynamique, Palaiseau, France, following a prototype from the Laboratoire d'optique Atmosphhique, Lille, France [Tanré et al., 19881 . The instrument had an angular field of view of 3' and was equipped with three aerosol channels at 0.449, 0.648, and 0.845 pm, with bandwidths of less than 20 nm. Two other near-infrared channels allowed the retrieval of the total atmospheric water vapor content. Only the measurements in the visible part of the spectrum are considered here, as the Meteosat-derived aerosol optical thickness is at 0.550 pm. By means of the usual Langley plot method the instrument was calibrated by measurements in altitude (2862 m) a t the Observatoire du Pic du Midi de Bigorre. in the French Pyrenees,
Introduction
Guillard et al., in part I of this paper, describe a method to monitor African dust optical thickness and mass column density from multi-annual time series of Meteosat images, using the radiative transfer model of Tanré et al. (1 990) and appropriate aerosol models. They use degraded images (ISCCP-B2 forhat) from the Meteosat VIS solar wide band, in order to limit the computertime and memory requirements. Sunphotometer measurements of atmospheric aerosol optical thickness are particularly appropriate to test and validate the satellite determinations (Jankowiak and Tanré, 1992; Ignatov et al., 1995) . Indeed such data are suitable as a reference for comparison because the aerosol optical thickness is directly derived from the measured attenuation of the solar irradiance during its path through the atmosphere, without any hypothesis on aerosol optical properties, contrary to satellite inversion methods.
In this paper, we use sunphotometer spectral measurements to test and validate our Meteosat inversion procedure. We first present and discuss the sunphotometer measurements (aerosol optical thickness at 0.55 pm and Angström wavelength exponent). We then use a first subset of data corresponding to desert dust occurrences to constrain the dust aerosol model used for the Meteosat data inversion, and a second independant set of data to validate the inversion. Finally, we estimate the uncertainty of our determination of the local dust optical thickness, and we illustrate the interest and limits of using interpolation to estimate th? dust optical thickness in cloudy areas.
Sunphotometer data
Measurements and instrumentation
We report here solar spectral transmission measurements performed during several campaigns in the Mediterranean and northeastem Atlantic, and we also use in the following measurements from coastal Senegal reported by Jankowiak and Tanré (1992) . Table 1 gives an overview of the stations, measuriments periods and data. All measurements have been done with a portable radiometer aevelopped in 1985 at the Laboratoire de Météorologie Dynamique, Palaiseau, France, following a prototype from the Laboratoire d'optique Atmosphérique, Lille, France (Tanré et al., 1988) . The instrument had an angular field of view of 3" and was equipped with three aerosol channels at 0.449,0.648 and 0.845 pm, with bandwidths of less than 20 nm. Two other near-infrared channels allowed the retrieval of the total atmospheric water vapor content. Only the measurements in the visible part of the spectrum are considered here, as the Meteosatderived aerosol optical thickness is at 0.550 pm. By means of a Langley plot method, the instninent was calibrated by measurements in altitude (2862 m (Holben et al., in press).
A few from all measurements were rejected, when replicate measurements revealed inconsistent results. This data set of 107 days with measurements of the spectral aerosol optical thickness has the advantages that: (i) it covers a large part of the 12-year period of Meteosat . ISCCP archive; (ii) it includes coherent measurements performed at different places and seasons in the Atlantic and the Mediterranean: measurements were made at the same time as our Meteosat analyses (about 11:45 TU), as well as measurements at different hours in a given day; (iii) it covers a wide range of atmospheric conditions, from very clear background atmospheres to very turbid atmospheres. Therefore, this data set should enable us to test and validate the inversion method for a wide range of dust optical thicknesses, using sensors with both a poor (Meteosat-2) or an improved (Meteosat-4 and -5) radiometric sensitivity, and within a wide range of geometric conditions. ,
Sunphotometer data processing
wavelength h, r,, is calculated using:
Aerosol optical thickness. The total optical thickness of the atmosphere at where E, and E! are the solar irradiance respectively at the ground and at the satellite level and the cosine of the solar zenith angle, or the inverse of the relative optical air mass. The total
CL0
atmospheric optical thickness results from Rayleigh and aerosol scattering, as well as from gaseous absorption in the stratosphere: is related to the atmospheric gaseous transmission, Tf , by:
Some ozone absorption occurs in the spectral transmission band of the 0.650 ,um filter. The ozone optical thickness was derived from mean climatological values for a standard tropical or midlatitude atmosphere (Mc Clatchey et al., 1971) , respectively for Atlantic and Mediterranean measurements. The aerosol optical thickness are retrieved within +5% (Tanré et al, 1988) .
Angström spectral exponent. The aerosol optical thickness at 0.550 pm was derived from the measurements in the blue and red channels using the well-known spectral dependance ofthe aerosol optical thickness in the visible (Angström, 1964) :
where the Angström exponent, a, may be directly related to the aerosol size distribution (Junge, 1963) . Uncertainties of +5% on the aerosol optical thickness at the two wavelengths result in an uncertainty on u generally comprised between 8 and 15%. Small or even negative values are found for large particles such as seasalts or desert dust aerosols, whereas values between 1.5 and 2 are found for small particles such as sulphates (Laulainen et al., 1978; Guillard et al., this issue) . The extreme value of 4 corresponds to pure Rayleigh scattering by non absorbing molecules. In background marine conditions with a mixhire of large seasalt and small sulphate particles, Tomasi and Prodi (1 982) and Hoppel et al. ( 1 990) measured mean Angström exponent values of 0.6 and 0.8 respectively for the'remote manne atmosphere, and they attributed its variability (from 0.4 to 1.5) to the sea salt contribution. Indeed, seasalt particles, produced by the wind, are large and have then a slightly negative Angström exponent of -0.10 (Guillard et al.,. this issue) which decreases the average value of the mixture. Numerous works showed that when desert dust particles are present, the Angström exponent generally ranges between O and 0.5 both over Africa (Fouquart et al., 1987; Holben et al., 199 I ; Ben Mohamed et al., 1992) and over manne remote regions (Carlson and Caverly, 1977; Tomasi et al., 1979) .
Results
The results obtained at M'bour have been used previously by Jankowiak and Tanré (1992) A few from all measurements were rejected when replicate measurements revealed inconsistent results. The data set obtained contains 107 days of measurements of the spectral aerosol optical thickness and has the advantages that (1) it covers a large part of the 12-year period of Meteosat ISCCP archive; (2) it includes coherent measurements performed at different places and seasons in the Atlantic and the Mediterranean; (3) measurements were generally made at the same time as our Meteosat analyses (about 1145 UT) as well as at different hours in a given day; (4) it covers a wide range of atmospheric conditions, from very clear background atmospheres to very turbid atmospheres. Therefore this data set should enable us to test and validate the inversion method for a wide range of dust optical thicknesses, using sensors with both a poor (Meteosat 2) or an improved (Meteosat 4 and 5) radiometric sensitivity and within a wide range of geometric conditions.
Sun Photometer Data Processing
Aerosol optical thickness. The total optical thickness of the atmosphere at wavelength 1, r , is calculated using the BeerLambert law, assuming that the contribution of multiple scattering within the field of view of the Sun photometer is negligible:
where E, and E i are the solar irradiances at the ground and at the satellite level, respectively and ps is the cosine of the solar zenith angle, or the inverse of the relative optical air mass. The total atmospheric optical thickness results from Rayleigh anc aerosol scattering as well as from gaseous absorption in the stratosphere:
r , =r;P + r i +rf (2) where r,R and r i are the Rayleigh and aerosol optica' thicknesses, respectively, and rf is the optical thickness of absorbing gases. The parameter r i is deduced from equation (2) by calculating 72 and r f . The parameter rf directly depends on the atmospheric pressure, which was also measured, and is related to the atmospheric gaseous transmission T f by Angström exponent. The aerosol optical thickness at 0.550 pm was derived from the measurements in the blue and red channels using the following relation, derived from the well-known spectral dependence of the aerosòl optical thickness in the visible spectrum [Angström, 19641: 7: = -Ps IogVf) this issue]) tends to decrease the average value of the sea salt and sulphate mixture. Numerous works showed that when desert dust particles are present, the Angström exponent generally ranges between O and 0.5 both over Africa [Fouquart et al,, 1987; Holben et al., 199 1 ; Ben Mohamed et al., 19921 and over marine remote regions [Carlson and Caverly, 1977; Tomasi et al., 19791 .
Results
The results obtained at M'bour have been used previously by Tanré Day from October 22 to December 30, 1994
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Figure 4. As in Figure 1 but for the measurement campaign with the automatic scanning photometer at Sal Island, in'late, 1994.
Only the closest observation to 1145 UT is shown per day. [Jäger et al., 19951) . A dust outbreak and marine background conditions were encountered during this cruise [Putaud et al., 19931 , but much smaller Angström exponents ( a < 0.8) were found than in Corsica. The smallest values ( a < 0.3)
were generally associated with the largest aerosol optical thicknesses (up to more than I ) due to a dust plume at the beginning of the cruise, During the second part of the cruise, aerosol optical thicknesses remained lower than 0.4, implying that there was no dust event, but a relatively low Angström exponent (0.2 -0.6) suggests the presence of large particles in the background aerosol. whereas during background marine conditions, it typically ranges between 0.2 and 0.6, as for the previous campaigns in the Atlantic. Very different Angström exponents are 'found in the northwestern Mediterranean and tropical Atlantic. In the Mediterranean ( Figure 1 ) the background aerosol has an Angström exponent comparable to the range found during a high-pollution episode, which suggests that secondary sulphates from European anthropogenic pollution sources might dominate the background aerosol. In the Atlantic the Angström exponent observed (Figures 2, 3 , and 4) appears lower than 0.6 even in the case of low-aerosol optical thickness (0.1 or less, Le., comparable to background values observed in the Mediterranean), which suggests that the background aerosol in the tropical Atlantic is influenced by large particles, possibly African dust. Figures 
Constraints on the Desert Aerosol Model
In this section, we used the first part of our Sun photometer subset of data (data before 1994) to constrain the characteristics of the dust aerosol model used during our Meteosat data inversion. A complete description of the Meteosat inversion method is given in part 1 [Moulin et al., this issue] .
Comparison Between Meteosat and Sun Photometer Measurements
The strong difference between Meteosat and Sun photometer technologies yields some uncertainties when comparing the two data sets. Indeed, Meteosat has a wide field of view and a wide spectral band compared to the Sun photometer. Meteosat measurement also includes two paths through the atmosphere instead of one for the photometer. Thus Meteosat is sensitive to surface reflectance and to aerosol scattering, contrary to the Sun photometer measurement, which is sensitive to solar extinction.
However, Sun photometers give a direct measurement of attenuation, and therefore Sun-photometer-derived aerosol optical thicknesses were considered as the reference "ground truth'' data set for our comparison purpose.
The scattering angles o f Meteosat measurements corresponding to our Sun photometer measurements vary between 160" and 177' and thus cover a large part of the total range encountered for the Meteosat observations over the Mediterranean and the Atlantic (150°-1800 [Moulin et al., this issue] ). For this first analysis the Meteosat inversion was performed using the background desert aerosol size distribution model defined by Silettle [ 19541 and a complex refractive index of 1.55 -i 0.005, constant over the whole Meteosat spectral band, in agreement with measurements of African dust over the Atlantic [Patterson et al., 19771 . The size distribution of Shettle [I9841 has already been used for dust optical thickness determination from Meteosat data analysis [Jankowiak and Tawé, 1992; Dulac et al.. 1992al and was found compatible with observed desert dust size distributions. For instance, Dulac et al.
[ 1989, I992a1 measured, using cascade impactors in Corsica and in the Mediterranean, a mass median diameter close to the second mode of Shettle [1954] . Moreover, from total deposition measurements they estimated a mean deposition velocity of desert dust in agreement with the sedimentation velocity calculated by using Shettle's [ 19841 particle size distribution model. In addition, the use of the Shettle's [1984] model for long-range transport modeling of Saharan dust yielded dust optical thickness values consistent with Meteosat measurements over the Mediterranean and Atlantic when the model results were found very sensitive to the dust particle size distribution [Balkanskiet al., 19961 . The Meteosat-derived optical thicknesses compared to the reference values were averaged within a square of 3 x 3 pixels, i.e., a zone of about 100 km x 100 km. This zone was taken as close as possible to the Sun photometer measurement location, and for coastal sites the zone was shifted from one pixel off-shore (about 30 km) to avoid contamination by the high reflectances of lands or turbid waters I . Table 2 ). Moreover, we observed that this systematic difference between Sun photometer and Meteosat was the same for Meteosat 2 and 4. Calibration as the source of error is thus unlikely. Therefore only desert aerosol Table 3 .
optical properties and, particularly, the phase function may be the cause of the discrepancy between Sun-photometer-derived and Meteosat-derived aerosol optical thickness. It is obvious that the lack of knowledge of the actual aerosol characteristics may be a strong source of error. In the following we test the parameters of the desert aerosol model which may cause a variation of the phase function, i.e., the particle size distribution and complex refractive index. Size distribution. Although the dust size distribution model [Shettle, 1984l'seems realistic, we have to take into account that the aerosol phase function is particularly sensitive to the particle size distribution for scattering angles above 1 50°, decreasing when the particle size increases. Figure 5 shows the phase functions of the three modes of the desert background model of Shettle [1984] . The first (fine) mode has a phase function characteristic of very small particles, with a quasi-isotropic scattering. For where ni and KY are the proportion in number and the scattering coefficients of mode i, respectively. In fact, only the second mode of this distribution has a significant effect on P;l.
Indeed, the scattering coefficient of the fine mode, which accounts for about half of the particle number, is very low and its contribution to the equivalent phase function is negligible, whereas the number of particles in the giant mode is too small to affect the average phase function. A decrease of 30% of the equivalent phase function can only be obtained by increasing by an order of magnitude the number of large particles in the giant mode. In this way the total particle mass would be controlled by the giant mode of the distribution. Such a distribution appears contradictory to existing observations and would induce unrealistic desert dust loads.
I n a second step we tested different desert aerosol models from the litterature, presented in Table 3 . The trimodal models of Shettle [ 19841 and D 'Almeida [ 19871 have been derived from measurements in various arid regions of Africa. The background desert (DD and BD) dust models are representative of transported particles, whereas the wind-carrying (WC) dust model is characteristic of particles near the source. The three monomodal models (DO, D2, and D5) have been computed by Koepke and Hess [ I9881 after loess particle size distribution analyzes by Schiitz [1980] . They are supposed to be representative of the desert dust aerosol at different times during its transport. The [Dulac et al., 1992a] , and the bimodal model resulted from dry deposition sampling [Dulac et al., 1992bl . The various phase functions of these models are shown in Figure 6 . This set of models seems well adapted to our sensitivity study because it mables us to explore a wide range of particle size distributions.
dowever, among these models, only two have a phase function significantly lower than the phase function of the background desert aerosol model of Shettle, the wind-carrying dust model of D 'Almeida [ 19871 and the near-source model of Schiitz [ 19801. These two models are characteristic of desert aerosol close to the source and give a strong importance to the large size fraction. Consequently, this confirms that only models with a dominant fraction of very large particles enable us to modify the phase function for a better fit between Meteosat-and Sun-photometerderived aerosol optical thicknesses. However, the mass-particle size distributions of such models are definitely not coherent with observations of desert dust in marine areas.
Complex refractive index. We now examine the impact of the refractive index on optical properties of the background desert dust model (DD). The complex refractive index of a particle depends on its chemical composition: the real part flRe characterizes the scattering properties of the medium; the imaginary part n,, characterizes the absorption properties of the material. For atmospheric aerosols in the visible spectrum [Jennings, 19811 the real part ranges between 1.3 and 2.1 and the imaginary part between O and 0.8. Because of the difficulty of measurements, few data are available on desert aerosols real refractive index. Some workers [Grams et al, 1974; DeLuisi et al., 1976; Pafterson et al., 19771 found a typical range of 1.45-1.60 in the visible spectrum, but most of these authors recommend a "representative value" ranging from 1.50 to 1.55. The imaginary part is easier to estimate from attenuation measurements but also more variable, mainly because of the potential contamination of dust samples by absorbing aerosols of combustion origin [Levin and Lindberg, 19791. Grams et al. [I9741 found values between 0.003 and 0.015 at about 0.500 pm in a semi-arid region (Big Spring, Texas) and recommend a value of 0.005. P a t t e r s o n et al. [I9771 performed numerous measurements of the imaginary part of the refractive index of aerosol models tested in this study. The different desert aerosol models are described in Table 3 , and the phase functions were computed for a complex refractive index of 1.55 -i 0.005. o , 1 1 1 , ) 1 1 1 1 , 1 1 1 1 ) 1 1 1 1 ) 1 1 1 1 , 1 1 1 Figure 7 . Phase function at = 0.70 pm of the Shettle's [1984] background desert dust model (Table 3) for different refractive indices. Figure 7 shows that such variations may induce strong modifications of the phase function of the background desert dust model which might explain the bias observed between Sun photometer and Meteosat optical thickness at Meteosat scattering angles. In contrast, the single-scattering albedo exhibits only small variations (about 5%) for the different complex refractive indices.
Final Desert Aerosol Model
The previous tests showed that the size distribution of the Shettle's [I9841 model may be considered as representative of the desert aerosols transported over marine areas and that variations of the refractive index of these particles may strongly influence our Meteosat results, It suggested that the refractive index of 1.55 -i 0.005, which we initially used in our inversion as characteristic of the desert aerosols, may be the cause of the bias of about 30% with Sun photometer measurements. For the different refractive indices considered, we computed the aerosol optical properties and we performed the Meteosat inversion corresponding to each Sun photometer measurement (see Table  2 ). The slopes and correlation coefficients of the linear fit with Sun photometer data for each refractive index are shown in Table  4 . The best correlation is obtained for a complex refractive index Slopes and correlation coefficients are given in Table 4 . particles, as well as Mishchenko et al. [ 19951 considering oblates and prolafes, seem to agree on a general effect of nonsphericity toward a decrease of backscattering. This field of research is still wide open, and more work needs to be done on the actual shapes of mineral aerosol particles.
Validation of the Method
To achieve the validation of our algorithm, we need an independent set of data, which had not been used to constrain the desert aerosol model. We use the two months of automatic measurements at Sal Island in late 1994. These data are presented in Table 5 , including the date and location as well as the aerosol optical thickness and Angström exponent of each measurement. Contrary to the first subset of data (Table 2) the Angström exponent sometimes goes above 0.5. Our method generally provides two types of information for a given site: for clear sky, Meteosat pixel is directly inverted to obtain the optical thickness; for. cloudy conditions the desert dust field is interpolated from the closest available pixels. The validation of the inversion procedure is done only on clear sky pixels, but the uncertainty due to interpolation may be likewise shown by comparison with Sun photometers for cloudy conditions. To test the actual results of the Meteosat inversion, we do not apply the same criteria as in section 3.1 to select the Sun photometer measurements. As explained by Moulin et al. [this issue], the only selection criterion was to reject Sun photometer data when there were no clear sky Meteosat pixels closer than 200 km to the site (five data rejected). We analyzed the corresponding Meteosat 5 images using the background desert aerosol size distribution ofShettle [I9841 and the new refractive index of 1.50 -i 0.010. The results are shown on Figure 9 , where the solid circles represent clear sky pixels (quality of the inversion) and the open circles represent cloudy conditions (quality of the interpolation). The correlation between Meteosat-and Sunphotometer-derived optical thicknesses for clear sky pixels is 0.965, with a slope nonsignificantly different from 1 .O. For the two subsets of Sun photometer data the maximum dispersion of Meteosat-derived desert dust optical thickness is 25% (Figures 8   and 9 ). This good agreement does not necessarily mean that each of our assumptions in the inversion procedure is correct, but it gives confidence that the final results can be trusted in a wide range of aerosol thicknesses. The interpolation yields a stronger dispersion: the values of dust optical thickness interpolated from clear sky pixels, when at least one is closer than 200 km From the site, are all within a factor of 2 from the Sun photometer data.
Consequently, we believe that they can be used to estimate the order of magnitude of dust transport over periods which would be too cloudy to allow any other information. A much larger data set would be needed for a statistica1 evaluatim of the interpolated data set.
Major Causes of Uncertainty
Our determination of the desert dust optical thickness is only valid for situations close to the climatological conditions [Moulin et al., this issue] for tropospheric and stratospheric sulphates. After a volcanic eruption or a strong pollution event, the optical thickness of nondesert aerosols may change within a few days and for specific regions. In such cases our automated treatment of the Meteosat data must be replaced by a case study using improved information on atmospheric aerosols. In this section we only examine the different uncertainties of the inversion srocedure within the normal range of our algorithmic procedure. Ne discuss their effect on the determination of dust aerosol optical thickness. To achieve this, we performed sensitivity tests by modifying separately different parameters of the radiative transfer model 5s [ Tanré et al., 19901 used during our inversion procedure. We also discuss the uncertainties due to the various radiative transfer approximations of 5s itself. digitization. Indeed, the accuracy of the calibration and of the digitization are found to be the main source of uncertainty for the retrieval of desert dust optical thickness from Meteosat data. The decrease of the uncertainty gained for Meteosat 4 digitization is then compensated by the increase of uncertainty on the calibration. For a desert dust optical thickness of 0.4 the calibration and digitization contributes to 75-85% of the overall uncertainty on Meteosat 2 estimates, whereas for Meteosat 4 the calibration alone contributes to 70-80% of the overall uncertainty. This result stresses the need for accurate calibration of space sensors for quantitative aerosol studies.
Radiative Transfer Model Approximations
Another source of error comes from the various approximations used in 5s to compute aerosol optical thickness from the simulated satellite radiance. We estimated this error by comparing the satellite signal computed with 5 s and with an improved version named 6s (second simulation of the satellite signal in the solar spectrum) developed more recently [ Vermote et al., 19941 . Compared with 5S, the radiative transfer model 6s enables the computation of ( I ) a more accurate gaseous transmission by taking into account new coefficients, based on HITRAN 91 values [Rothmanet al., 19921, for the absorbing gases (HzO, 0 3 . 0 2 , and COZ) contributions; (2) more accurate Rayleigh and aerosol reflectances and transmissions by using updated approximations and successive orders of scattering method in a discrete atmosphere; and (3) an improved spectral integration with a step of 2.5 nm instead of the 5 s resolution of 5 nm. The differences between 5 s and 6s strongly depend on the geometry of the measurement and on the aerosol optical thickness. In some cases such as for large dust loads, the difference in may reach &40%, but on the average, for our
Meteosat observation conditions the discrepancy is of the order of &15% for a dust optical thickness of 0.4. This result shows that in the majority of cases the radiative transfer model approximations do not constitute the main source of error.
Conclusion
The validation of our method to retrieve desert dust optical thickness over seawater from Meteosat data has been made by comparison with Sun photometer data. We first obierved that our Meteosat results were underestifnated by about 40%. We showed that only the properties of the desert aerosol model [Sheftle, 19541 could be responsible for this discrepancy. The size distribution of mineral particles could not account for the observed effect, but a modification of their refractive index within a realistic range (1.50 -i O.Ol0) gave satisfactory results.
A lot of effort has been devoted to define average optical properties which are realistic over the wide spectrum of the Meteosat VIS channel. This paper stresses the interest of complementing satellite data by Sun photometer network information. The performed testing gives confidence that our Meteosat data set, which covers five different sensors with various spectral bands and radiometric sensitivities, is internally consistent. The accuracy of the retrievals greatly depends on an accurate calibration of the sensor. The comparison of Meteosatderived estimates of the desert aerosol optical thickness with independent Sun photometer measurements exhibits a maximum dispersion of 25%. This general estimate of accuracy does not apply to values interpolated under water clouds. The relevance of our interpolation clearly depends on the dispersion of valid dust data points as well as on the relative extension of water clouds and dust plumes, but it should be noticed that this error decreases when dealing with time-averaged images for climatological purposes. The validity of our interpolation procedure was assessed from a comparison between an independent set of Sun photometer data and the interpolated value in cloudy pixels. The agreement is within a factor of 2 of Sun photometer data when at least one of the clear sky pixels used for interpolation was located at less than 200 km (six pixels) from the site.
